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PHOTOCHROMIC POLYMER 
The present invention relates to the manufacture of plastic optical articles 
such as video discs, ophthalmic lens s and the like. In particular, the present 
invention relates to photochromic monomers and the manufacture of 
5 photochromic optical articles incorporating same. 

It has been suggested in the prior art to use a number of approaches to 
incorporate photochromic compounds into a synthetic polymeric host material. 

For example, United States Patent No. 3,212,898 describes preparing a 
photosensitive composition by suspending a photochromic benzospiropyran in a 
10 preformed polyester resin. United States Patent No. 3,666,352 describes 
dispersing a mercury thiocarbazone compound in a solidified plasticised vinyl 
chloride-vinyl acetate copolymer, which copolymer is laminated between two 
plastic or glass layers, thereby to form a photochromic sunglass lens. 

Bulk dyed photochromic plastic lenses, that is where photochromic 
15 molecules are dispersed throughout the lens, are difficult to use for ophthalmic 
purposes because the photochromic performance of the plastic is very dependant 
on temperature. Whilst this same effect occurs to a degree with photochromic 
glass lenses, it is not as noticeable. 

Accordingly, conventional wisdom in the prior art indicates that organic 
20 photochromic dyes must be provided in regions or zones of constant thickness, 
independent of the optical geometry of the lens. Surface imbibition is the only 
commercial process for achieving a satisfactory product. 

However, surface imbibation is a costly process and such lenses are in 
turn available only from specialist sources and are not freely available to the 
25 public. 

Particular difficulties which have been encountered in the prior art when 
attempts have been made to incorporate photochromic material prior to the 
formation of a photochromic optical article include uneven colouration caused by 
the variable thickness of the lens which is required to provide the lens with the 
30 necessary optical power. 

Further, for xampl as described in United States 5,130,353 or United 
States 5,185,390, the prior art describes the inclusion of photochromic dyes into 
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10 



15 



20 



25 



the subsurface regions of a plastic lens by first positioning a polymeric or other 
carrier of photochromic dye physically against the surface of the lens and then 
using heat (in the range 100 to 150°C) to cause the dyes to undergo sorption and 
diffuse into the lens. The depleted carrier is removed from the lens after the 
passage of sufficient time at elevated temperature, typically of order 1/2 to 4 
hours. It is found that adequate darkening is achieved with inclusion of 5 to 10 m 
gm/mm 2 of surface diffused to a depth of about 50 pm. The average dye 
concentration in this region of the lens is in the range of 0.1 to 0.2 mgm/mm 3 , or 
7 to 14% (w/w) of the polymer weight in that region. 

For this procedure to operate effectively, the carrier must accommodate a 
sufficient concentration of dye in sufficient volume to deliver the required level of 
dopant. Commonly, carrier films are in the range 50 to 80 pm thick. The intensity 
and duration of the heating step should be sufficient to obtain thermal transfer by 
permeation of the dyes without decomposing them or causing significant 
softening of the host polymer (lens). Either decomposition or softening will result 
in lenses being rejected. 

An alternative approach is to include the dyes within an optical coating 
resin and applying the coating to the lens directly. Optical coatings thus applied 
are rarely thicker than 10 pm because of declining optical quality and the 
magnification of stresses caused by differential shrinkage of thick coatings. 
Because of this thickness limitation, the optical density achieved by this approach 
falls well short of the target levels. Hence, it would be a significant advance in the 
art if an alternative process could be devised to minimise or avoid the effect that 
elevated temperature has upon both the dyes and the polymer. 

It is accordingly an object of the present invention to overcome or at least 
alleviate one or more of the difficulties and deficiencies related to the prior art. 

Accordingly, in a first aspect of the present invention there is provided a 
photochromic monomer having the formula 




(D 



wherein 



n is an integer of 0 to 5; 

P is a photochromic dye moiety or derivative thereof; 
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S is an organic spacer group; and 
R is a polymerisabl group. 

The photochrome monomer according to this aspect may be incorporated 
in a cross-linking polymeric casting composition directly, or may be incorporated 
5 in a thin layer coating composition. Applicant has surprisingly found that when 
the photochromic monomer according to this aspect of the invention is 
incorporated into a cross-linking polymeric casting composition, the photochromic 
material has a reduced sensitivity to temperature. The utilisation of the 
photochromic monomer may eliminate the necessity for a separate photochromic 
1 0 process on an optical article. 

The photochromic dye moiety or derivative P may be of any suitable type. 
An hydroxy derivative may be used. P may be derived from a photochromic dye 
selected from one or more of the group consisting of anthraquinones, 
phthalocyanines, spiro-oxazines, chromenes, pyrans including spiro-pyrans and 
15 fulgides. A spiro-oxazine residue is preferred. 

Preferred photochromic dyes may be selected from the group consisting 

of 

• I.S-dihydrospiropH-anthrap^-dJimidazole-Z.r-cyclohexanel-SJO-dione 

• 1 .S-dihydrospiropH-anthrap^-dJimidazol^J'-cyclohexanel-e,! 1-dione 

20 • 1 .S-dihydro^phenylthioJspiroPH-anthra'l f 2-d]imidazole-2 f 1 '-cyclohexane]- 
6,1 1-dione 

• 1 ,3-dihydrospiro[2-H-anthra[1 ,2-d]imidazole-2, 1 -cycloheptane]-6, 1 1 -dione 

• 1 ,3,3-trimethylspiroindole-2,343H]naphtho[2, 1 -b]-1 ,4-oxazine] 

• 1 .S^-trimethyl-Q-hydroxyspiroindolinenaphthoxadine 

25 • 1 ,3,3-trimethyl-9 , -(2-hydroxyethyloxy)-spiroindolinenaphthoxadine 

• l^^-trimethyl-S-piperidino-g-hydroxy-spiroihdolinenaphthoxadine 

• 2-methyl-3,3 , -spirobi[3H-naphtho[2,1-b]pyran] (2-Me) 

• 2-phenyl-3-methyl-7-methoxy-8-nitrospiro[4H-1-benzopyran-4,3-[3H]- 
naphtho]2,1-b]pyran 

30 • Spiro[2H-1 -benzopyran-2,9'-xanthene] 

• 8-methoxy-1 \3'-dimethylspiro(2H-1-benzopyran-2,2-(1 'H)-quinolin 

• 2,2'-Sptrobt[2H-1-benzopyran] 
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5 , -amino-1\3\3^rimethylspiro[2H-1-benzopyran-2,2 , -indolin 
Ethyl-p-methyl-p-(3\3^ 
yl)-propenoate 

(1,3-p^opanediyl)bis[3^3 , -dimethyl-6-n^t^ospiro[2H-1-ben2opyran-2 > 2 , - 
indoline] 

S^-dimethyl-S-nitrospiropH-l-benzopyrao^^-benzoxazoIine] 
e-methylthio-S^-di^^^ 
benzothiozoline] 

(1,2-ethanediyl)bis[8-methoxy-3-methyl^^^^ 
10 benzothiozoline] 

N-N'-bisCS^'-dimethyl^nitrospiropH-l-benzopyran^^XS^J-benzothioazol- 
6'-yl)decanediamide 

Hx-(2 f 5Kiimethyl-3-furyl)ethylidene(Z)-ethylidenesuccinic anhydride; a-(2,5- 
dimethyl-3-furyl)^\5<limethylfulgide 
15 • 2,5-diphenyl-4-(2 , -chlorophenyl)imidazole 

• [(2',4-dinitrophenyl)methyl]-1H-benzinriidazole 

• N-N-diethyl-2-phenyl-2H-phenanthro[9, 1 0-d]imidazol-2-amine 

• 2-Nitro-3-aminofluoren 2-amino-4-(2 , -furanyl)-6H-1 ,3-thiazine-6-thione 

The selection of photochromic dye moiety which may be used may 
20 extend to conventional tinting dyes. 

The polymerisable group R may be any reactive group capable of forming 
a polymer. An ethyleneically unsaturated group is preferred. An olefinic, allylic, 
polythiol, vinyl, acrylic or polyisocyanate group may be used. An acrylic or 
methacrylic group is preferred. An acrylate or methacrylate ester may be used. 
25 The polymerisable group R may function to improve the solubility of the 
photochromic monomer in the monomer mix. 

The organic spacer group S, when present, may be of any suitable type. 
The group S may be selected from the group consisting of 

alkyl of 1 to 25 carbon atoms, preferably 1 to 6 carbon atoms; 
30 alkoxy of 1 to 25 carbon atoms, pr ferably 1 to 6 carbon atoms; and 

aryl or heterocyclic groups of 5 to 10 carbon atoms; 
with or without substituents selected from halogen, hydroxy, amine, acyl or 
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carbonyl groups. 

The organic spacer group S may function to further improv the solubility 
of the photochromic monomer in the monomer mix, where required. 

A preferred photochromic monomer is selected from the group consisting 
5 of an ethoxy methacrylate derivative of 1 ,3-dihydrospiro[2HTanthra[2,3- 
d]imidazole-2,1'-cyclohexane]-5,10-dione, an acrylate derivative of 1,3,3- 
trimethyl-9'-hydroxyspiroindolinenaphthoxadine, a methacrylate derivative of 
1,3,3-trimethyl-9'-(2-hydroxyethyloxy)-spiroindolinenaphthoxadine and an acrylate 
derivative of 1 .S.S-trimethyl-e'-piperidino-g'-hydroxyspiroindolinenaphthoxadine. 
10 In a preferred aspect of the present invention there is provided a 

photochromic monomer having the formula 

R1 o 

p-fo— f-c-H-o-c-c=CH 2 



>-Lo— fc-V-X 



R2 r R3 
wherein 

P is a photochromic dye derivative from a photochromic dye selected 
15 from one or more of the group consisting of anthraquinones, phthalocyanines, 
spiro-oxazines, chromenes, pyrans including spiro-pyrans and fulgides; 
n is an integer of 0 to 5; 
m is an integer of 1 to 10; 

R 1 and R 2 , which may be the same or different, are selected from 
20 hydrogen, halogen and an alkyl or substituted alkyl of 1 to 10 carbon atoms, or 

— £CR1R*) — 

^ ' m is an aryl or heterocyclic group of 5 to 10 carbon atoms; and 
R 3 is selected from hydrogen, halogen, alkyl or substituted alkyl of 1 to 10 
carbon atoms or alkoxy, or substituted alkoxy or 1 to 10 carbon atoms. 

Preferably, R 1 , R 2 and R 3 are selected from the group consisting of 
25 hydrogen and alkyl or 1 to 5 carbon atoms. 

In a particularly preferred aspect the photochromic monomer may 
function as a polymeric switch. The polymeric switch may be activated by the 
action of ultraviolet (UV) light on the photochromic dye moiety P. Accordingly the 
photochromic monomer may have the formula 
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(2) 



wh rein 



5 



n and p are each integers of 0 to 5; 

P is a photochromic dye moiety or derivative thereof; 

S and S\ which may be the same or different, are each an organic 



spacer group; 

R and R\ which may be the same or different, are each a polymerisable 

group. 

It will be understood that the action of ultraviolet light of the photochromic 
10 monomer in this embodiment is as follows. The UV light functions to activate the 
photochromic dye moiety P which in turn undergoes a ring opening or other 
stereo transformation. This will affect the bulk properties of the polymer because 
of the presence of P in the polymer backbone. Properties which may be affected 
include density, rigidity, Tg, modulus, etc., optical properties, e.g. colour, 
15 transmission, refractive index and transparency, and chemical properties, e.g. 
swelling or dye uptake. 

In a further aspect of the present invention there is provided a cross- 
linkable polymeric casting composition including 



a photochromic monomer of the formula 



20 



(1)or 




(2) 



wherein 



25 



n and p are each integers of 0 to 5; 

P is a photochromic dye moiety or derivative thereof; 

S and S\ which may be the same or different, are each 



an organic spacer group; 

R and R\ which may be the same or different, are each a 



polymerisable group; 



a diacrylate or dimethacrylate monomer; and 
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apolymerisabl comonomer. 

The cross-linkable polymer casting composition may be utilised to 
produce a photochromic optical article such as an optical lens. 

The photochromic monomer may be present in amounts of from 
5 approximately 0.001 to 55% by weight, preferably approximately 0.01 to 5% by 
weight, based on the total weight of the casting composition. If solubility 
problems are encountered at higher concentrations of photochromic monomer 
these may be overcome by the use of spacers. 

The diacrylate or dimethacrylate monomer in the polymeric casting 
10 composition may be a polyoxyalkylene glycol diacrylate or dimethacrylate, for 
example a polyethylene glycol dimethacrylate with an average molecular weight 
of approximately 600. 

The polyoxy alkylene glycol diacrylate or dimethacrylate compound may 
include ethylene oxide or propylene oxide repeating units in its backbone. A 
15 polyethylene glycol dimethacrylate is preferred. One suitable material is that sold 
under the trade name NKESTER 9G by Shin Nakamura. Alternatively, or in 
addition, an NK Ester 6G, 4G or 14G may be used. 

The polyoxy alkylene glycol diacrylate or dimethacrylate component may 
be present in amounts of from approximately 5% by weight to 60% by weight, 
20 preferably approximately 30% to 50% by weight, based on the total weight of the 
casting composition. 

The polymerisable comonomer may be selected to improve the properties 
and/or processability of the cross-linkable polymeric casting composition. The 
polymerisable comonomer may be selected from any suitable type, e.g. 
25 methacrylates, acrylates, vinyls, vinyl ethers, allyls, aromatic olefins, ethers, 
polythiols, epoxies and the like. 

The polymerisable comonomer may be a low viscosity comonomer. The 
low viscosity comonomer may be of any suitable type. The low viscosity 
comonomer may be selected from one or more of aromatic olefins, polymerisable 
30 bisphenol monomers capable of forming a homopolymer having a high refractive 
index of more than 1.55, urethane monomers having 2 to 6 terminal acrylic or 
methacrylic groups, and thiodiacrylate or dimethacrylate monomers. 
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The aromatic olefins may b selected from styrene, divinyl benzene and 
3,9-divinyI-2,4,8,10-tetraoxaspiro [5.5]undecane (DTU). The aromatic olefins may 
b pres nt in amounts of approximately 5 to 50% by weight. 

The polymerisable bisphenol monomer may be a high index bisphenol 
5 monomer. 

The high index bisphenol monomer component in the cross-linkable 
casting composition may be selected from: dimethacrylate and diacrylate esters 
of bisphenol A dimethacrylate and diacrylate esters of 4,4'bishydroxyethoxy- 
bisphenol A and the like. 

10 Preferred high index bisphenol compounds include bisphenol A 

ethoxylated dimethacrylate and tetra brominated bisphenol A ethoxylated 
dimethacrylates. A bisphenol A ethoxylate dimethacrylate sold under the trade 
designation ATM 20 by Ancomer has been found to be suitable. 

The high index bisphenol monomer may be present in amounts of from 

15 approximately 10 to 60% by weight, preferably 20 to 55% by weight, based on the 
total weight of the casting composition. 

As stated above, the polymerisable comonomer may include a urethane 
monomer having 2 to 6 terminal acrylic and/or methacrylic groups. Suitable 
materials falling within this definition include materials supplied under the trade 

20 names U-4H, U-4HA and U-6HA by Shin Nakamura, NF-201 and NF-202 by 
Mitsubishi Rayon. 

The urethane monomer may be present in amounts of from approximately 
2.5% to approximately 35% by weight, preferably 5% to 25% by weight, based on 
the total weight of the casting composition. 
25 The thiodiacrylate or dimethacrylates may be selected from bis(4- 

methacryloylthioethyl)sulfide (BMTES) and bis(4-methacryloylthiophenyl)sulfide 
(BMTS or TS). The thiodiacrylate may be present in amounts of from 
approximately 5 to 40% by weight, preferably 20 to 40% by weight. 

In a preferred aspect of the present invention the cross-linkable polymeric 
30 coating composition may further include at least one poly-functional unsaturated 
cross-linking agent. 

The poly functional unsaturated cross-linking agent according to the 
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present invention may be a tri- or tetra- functional vinyl, an acrylic or methacrylic 
monomer. The cross-linking agent may be a short chain monom r for example 
trimethylol propane trimethacrylate, p ntaerythritol triacrylate or tetracryiate, or 
the like. Other polyfunctional cross-linking agents which may be used include NK 
5 Ester TMPT, NK Ester A-TMPT, NK Ester A-TMM-3, NK Ester A-TMMT, di- 
trimethylol propane tetraacrylate, trimethylolpropane triacrylate, pentaerythritrol 
tetramethacrylate, dipentaerythritol monohydroxypenta acrylate, pentaerythritol 
triacrylate, ethoxylated trimethylolpropane triacrylate, ethoxylated trimethylol- 
propane trimethacrylate. 
10 The polyfunctional unsaturated cross-linking agent may be present in 

amounts of from approximately 5 to 45% by weight, preferably approximately 30 
to 40% by weight based on the total weight of the casting composition. 

The cross-linkable casting composition may further include a co-reactant 
including a polythiol. 

15 The polythiol may be selected from the group consisting of Pentaerythritol 

Tetrakis (3-mercapto- propionate) [PTMP], Trimethylolpropane Tris (3-mercapto- 
propionate) [TTMP], 4-mercaptomethyl-3,6-dithia-1 ,8-octanedithiol [MDO], 
Pentaerythritol Tetrakis (3-mercaptoacetate) [PTMA], Trimethylolpropane Tris (3- 
mercaptoacetate) [TTMA], 4-t-butyl-1,2-benzenedithiol, 2-mercaptoethylsulfide, 

20 4,4-thiodibenzenethiol, benzenedithiol, Glycol Dimercaptoacetate, Glycol 
Dimercaptopropionate Ethylene bis(3-Mercaptopropionate), Polyethylene Glycol 
Dimercaptoacetates, Polyethylene Glycol Di(3-Mercaptopropionates). 

The thiol compound may be present in amounts from 0 to approximately 
50% by weight. 

25 The cross-linkable casting composition according to the present invention 

may further include an initiator. The initiator may be a heat and/or ultraviolet 
(U.V.) initiator. A cationic initiator may be used where epoxies are incorporated in 
the composition. A photoinitiator, preferably a long wavelength photoinitiator, 
may be used in combination with a cure modifier to provide a UV absorbing 

30 material. 

The amount of curing agent may vary with the monomers selected. It has 
b en possible to operate with a relatively low level of curing agent of between 
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approximately 0.05 and 1.5%, preferably 0.4% to 1.0% by weight. 
The following curing agents have been found to be suitable. 
AIBN (Azo radical heat initiator) 
Azodiisobutyronitrile 
5 • Trigonox TX-29 (Dialkyl Peroxide radical heat initiator) 
1,1-di-(-butyl peroxy-3,3,5-trimethyl cyclohexane) 

• TBPEH (Alkyl Perester radical heat initiator) 
t-butyl per-2-ethylhexanoate 

• (Diacyl Peroxide radical heat initiator) 
10 Benzoyl Peroxide 

• (Peroxy Dicarbonate radical heat initiator) 
Ethyl Hexyl Percarbonate 

• (Ketone Peroxide radical heat initiator) 
Methyl ethyl ketone peroxide 

15 • Cyracure UV1-6974 (cationic photoinitiator) 
Triaryl sulfonium hexafluoroantimonate 

• Lucirin TPO (radical photoinitiator) 
2,4,6-Trimethylbenzoyldiphenylphosphine oxide 

• Vicure 55 (radical photoinitiator) 
20 methyl phenylglycoxylate 

• Bis(t-butyl peroxide) diisopropylbenzene 

• t-butyl perbenzoate 

• t-butyl peroxy neodecanoate 

• Amicure DBU 
25 • Amicure BDMA 

• DABCO 

• Amicure DBU and/or Amicure BDMA are preferred. 

Initiator may be a single component or combination of initiator 
components. 

30 The photochromic optical article formed from the cross-linkable casting 

composition according to the present invention may be light-transmissible. The 
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optical article may be transparent. 

The photochromic optical article may exhibit a high refractive index. The 
optical article may also retain good abrasion resistance and impact resistance, 
and reduced fatigue. 

5 Other additives may be present which are conventionally used in casting 

compositions such as inhibitors, dyes, UV stabilisers and materials capable of 
modifying refractive index. Mould release agents can be added but they are in 
general not required with the compositions used in the method of the present 
invention. Such additives may include: 
10 UV Absorbers including 

• Ciba Geigy Tinuvin P - 2(2 , -hydroxy-5 , methyl phenyl) benzotriazole 

• Cyanamid Cyasorb UV 531 -2-hydroxy-4-n-octoxybenzo- phenone 

• Cyanamid Cyasorb UV541 1-2(2-hydroxy-5-t-octylphenyl)- benzotriazole 

• Cyanamid UV 2098 - 2 hydroxy-4-(2-acryloyloxyethoxy) benzophenone 

15 • National Starch and Chemicals Permasorb MA - 2 hydroxy-4-(2 hydroxy-3- 
methacryloxy)propoxy benzophenone 

• Cyanamid UV24 - 2,2'-dihydroxy-4-methoxybenzophenone 
BASF UVINUL 400 - 2,4 dihydroxy-benzophenone 

• BASF UVINUL D-49 - 2 f 2 , -dihydroxy-4,4' dimethoxy- benzophenone 
20 • BASF UVINUL D-50 - 2,2\ 4,4' tetrahydroxy benzophenone 

• BASF UVINUL D-35-ethyl-2-cyano-3,3-diphenyl acrylate 

• BASF UVINUL N-539-2-ethexyl-2-cyano-3,3-diphenyl acrylate 

• Ciba Geigy Tinuvin 213 

Hindered amine light stabilisers (HALS), including 
25 • Ciba Geigy Tinuvin 765/292 - bis (1,2,2,6,6-penta- methyl-4- 
piperidyl)sebacate 

• Ciba Geigy 770 - bis (2,2,6,6-tetramethyl-4- piperidinyl) sebacate 
Antioxidants including 

• Ciba Geigy Irganox 245 - triethylene glycol-bis-3- (3-tertbutyl-4-hydroxy-5- 
30 methyl phenyl)propionate 

• Irganox 1010 -2,2-bis[[3-[3,4-bis(1 ,1 -dimethyl- thyl)-4-hydroxyphenyl]-1- 
oxopropoxy]methyl]-1 ,3- propanediyl 3,5-bis(1,1 -dimethyl ethyl)-4-hydroxy 
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benzen propanoate 
• Irganox 1076 - octadecyl S-^S'-di-tert-butylH'- hydroxyph nyl) propionate 
Anticolourina agents including 
Triphenyl phosphine 

1 0 dihydro-9-oxa-1 0-phosphaphenanthrene-1 -oxide 
Cure modifiers including 



Dodecyl mercaptan 

PTMP - pentaerythritol tetrakis (3-mercapto propionate) 
Butyl mercaptan 
10 • Bis-GHA 
Thiophenol 

Nofmer from Nippon Oils and Fats 
Q1 301 from Waco 

Other monomelic additives can be present in amounts up to 10% by 
15 weight as diluents, and include monomers such as methacrylic acid, vinyl silanes, 
methyl allyl, hydroxy ethyl, methacrylate and materials containing hydroxy, amino 
and phosphine oxide groups. Other monomeric additives may be included to 
improve processing and/or material properties, these include: 

• methacrylic acid, maleic anhydride, acrylic acid 

20 • adhesion promoters/modifiers such as Sartomer 9008, Sartomer 9013, 
Sartomer 901 5 etc. 

• dye-enhancing, pH-adjusting monomers like Alcolac SIPOMER 2MIM 

• a charge-reducing cationic monomer to render the material more antistatic, 
example Sipomer Q5-80 or Q9-75 

25 • hydrophobic comonomers: Shin Nakamura NPG, P9-G etc. to reduce the 
water adsorption of the material 

• viscosity modifiers 

In a further aspect of the present invention there is provided a 
photochromic optical article formed from 
30 a cross linkable casting composition including 

a photochromic monomer of the formula 

V J (Dor 
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Wp w n 



(2) 



wherein 



5 



n and p are each integers of 0 to 5; 

P is a photochromic dye moiety or derivative thereof; 

S and S\ which may be the same or different, are each an 



organic spacer group; 

R and R\ which may be the same or different, are each a 



10 



polymerisable group; 

a diacrylate or dimethacrylate monomer; and 
a polymerisable comonomer. 



The optical article may provide characteristics substantially equal to or 
greater than those achievable with industry standard optical articles, but with 
reduced stress/strain and reduced yellowing. 

The overall refractive index may be in the mid refractive index range of 
1 5 from approximately 1 .51 to 1 .57, preferably 1 .53 to 1 .57. 

The optical articles prepared by the method of this invention include 
camera lenses, ophthalmic lenses and video discs. 

The casting composition may be formed into an optical article by mixing in 
a convenient vessel the components making up the material, and then adding the 
20 photo-initiator. The mixed material is then degassed or filtered. 

The photochromic dye moiety may be selected from one or more of the 
group consisting of anthraquinones, phthalocyanines, spiro-oxazines, chromenes, 
pyrans and fulgides. The photochromic dye layer or coating may exhibit reduced 
fatigue. 

25 The photochromic monomer may alternatively be incorporated in a 

coating applied to an optical article. 

In an alternative preferred aspect, there is provided a photochromic 
coating composition including 



a photochromic monomer of the formula 



30 




(1)or 
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'p V /n 



(2) 



wherein 



5 



n and p are each integers of 0 to 5; 

P is a photochrome dye moiety or derivative thereof; 

S and S\ which may be the same or different, are each an 



organic spacer group; 

R and R\ which may be the same or different, are a 



10 



polymerisable group; 

a polymerisable co-monomer; and 

a solvent therefor. 



The photochromic monomer may be present in amounts of from 
approximately 0.5 to 25% by weight, preferably approximately 0.5 to 10% by 
weight, based on the total weight of the coating composition, excluding solvent. 

The photochromic coating composition may be UV curable. 



A low shrinkage monomer may be used. A siloxane monomer may be 
used, y-methacryloxypropyl trimethoxy silane has been found to be suitable. An 
acrylate-terminated oligomer may be used. An acrylate-terminated urethane or 
epoxy oligomer may be used. The oligomer may be selected from one or more of 
20 the following: 



15 



The polymerisable co-monomer may be a UV curable monomer. 



25 



Epoxy acrylates 
Acrylated epoxidised oils 
Aromatic urethane acrylates 
Aliphatic urethane acrylates 
Polyester acrylates 
Acrylated melamine 
Acrylated amines 
Acrylamidomethyl cellulose 
Acrylated polybutadiene 



30 



Aliphatic polyol acrylates 
Polyether acrylates 
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The polymerisable co-monomer may be present in amounts of from 
approximately 65% to 95% by weight, preferably approximately 80% to 95% by 
weight, based on the total weight of the coating composition, excluding solvent. 

An acrylic or acrylate diluent may be included. The acrylate diluent may 
5 be selected from the following: 



POPETA 


Propylated pentaerythritol acrylate 


TMPTA 


Trimethylolpropane triacrylate 


EOTMPTA 


Ethoxylated trimethylolpropane triacrylate 


POTMPTA 


Propoxylated trimethylolpropane triacrylate 


HDODA 


Hexanediol diacrylate 


EONPGDA 


Ethoxylated neopentyl glycol diacrylate 


PONPGDA 


Propoxylated neopentyl glycol diacrylate 


TEGDA 


Tetraethylene glycol diacrylate 


TPDGA 


Tripropylene glycol diacrylate 


TPGMEA 


Tripropylene glycol methyl ether acrylate 


NPGDA 


Neopentyl glycol diacrylate 


BDDA 


1 ,4-butanediol diacrylate 


DMPA 


a,<x-dimethoxy-a-phenylacetophenone 


DEGDA 


di-ethylene glycol diacrylate 


EHA 


2-ethylhexyl acrylate 


HDDA 


1,6-hexanediol diacrylate 


HEBDM 


bis(2-hydroxyethyl)bisphenol-Adimethacrylate 


MMA 


methyl methacrylate 


n-PA 


n-propyl acrylate 



25 The diluent may be present in amounts of from 0 to approximately 35% 

by weight, preferably approximately 10% to 30% by weight, based on the total 
weight of the coating composition, excluding solvent. 

The solvent component may be an aqueous or organic solvent. An 
organic solvent such as ethanol or toluene is preferred. 
30 The photochromic monomer and polymerisable co-monomer may be 

present in the coating composition in amounts similar to thos specified above. 

Accordingly in a further aspect of the pres nt invention there is provided a 
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coated optical article including 
an optical substrate; and 

a polymeric coating adhered to a portion of the optical substrate, the 
polymeric coating being formed from a photochromic coating composition as 
5 described above. 

The polymeric coating is formed from a polymeric coating composition of 
the type described above. 

The optical substrate may be a lens, lens wafer, or lens blank. The optical 
substrate may be formed from the same polymeric material as, or different to, the 
10 polymeric material used in the polymeric coating. 

The polymeric material utilised in the manufacture of the lens or lens 
blank may be of any suitable type. A polycarbonate material may be used. An 
optical material of the allyl diglycol carbonate type may be used. The optical 
substrate may be formed from cross-linkable polymeric casting compositions, for 
15 example as described in applicant's United States Patent 4,912,155, United 
States Patent Application No. 07/781,392, Australian Patent Applications 
50581/93, 50582/93, European Patent Specification 543149A2, or International 
Patent Applications PCT/AU95/00845 "Heat Responsive Articles" and 
PCT/AU95/00851 "Method of Preparing Photochromic Article", the entire 
20 disclosures of which are incorporated herein by reference. 

In a preferred aspect, the polymeric coating may be cast on the optical 
article utilising front surface coating techniques. Such techniques are described 
for example in Australian Patent Application 80556/87 or Australian Patent 
648,209 to applicants, the entire disclosures of which are incorporated herein by 
25 reference. 

The present invention will now be more fully described with reference to 
the accompanying examples. It should be understood, however, that the 
description following is illustrative only and should not be taken in any way as a 
restriction on the generality of the invention described above. 



WO 97/05213 PCT/AU96/00466 

-17- 
EXAMPLE 1 

An ultraviolet (UV) -curable coating composition of the following 
formulation was prepared. 

% by weight 

> • Ethoxy methacrylate derivative of 1 ,3-dihydrospiro 

[2H-anthra[2 f 3-d]imidazole-2 f 1 '-cyclohexane]-5, 1 0-dione 7.5 
Dipentaerythritol hexacrylate 10.1 
TMPTA 10.1 
DEGDA 5.1 
10 • y-Methacryloyloxypropyl trimethyl silane 25 
Toluene 21 
Ethyl acetate 20.5 
TPO Lucirin (UV initiator) 0.2 
Nofmer - MSD (2,4-diphenyl-4-methyl-1-pentene) 0.5 
15 

A commercial middle index plastic lens for example a Spectralite-type lens, was 
dip coated in the formulation, heat dried and UV cured to give a photochromic film 
of good durability. 

EXAMPLE 2 

20 An ultraviolet (UV) curable coating composition of the following 

formulation was prepared. 

% by weight 

• Dipentaerythritol hexacrylate 30 

• N-Cyclohexylmalimide 6.5 
25 • Ethoxy methacrylate derivative of 1 ,3-dihydrospiro 

PH-anthrap^-dJimidazole^, 1 -cyclohexaneJ-S, 1 0-dione 8.2 

• Toluene 55 

• TPO Lucirin (UV initiator) 0.2 

• FC-30 (levelling agent) 0.10 



30 



The coating formulating was cast on a CR39-type lens utilising front 
surface coating techniques and UV cured. A photochromic coating of good 
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durability was produc d. 

EXAMPLE 3 

Svnth sis of the acrvlate derivative of 1.3.3-trim thvl-9'- hvdroxvsDiro 
indolinenaphthoxadine 

O 

II 

0-0-OH=CH 2 




Photochromic Monomer 
7.6g (22 mmol) of 1,3,3-trimethyl-9'-hydroxyspiroindolinenaphthoxadine 




Dye II 

and 3.04 g (30 mmol) of triethylamine were dissolved into 800 ml 
dichloromethane (previously dried). 2.72 g acryloyl chloride in 20 ml dried 

10 dichloromethane was added in dropwise. After 1 hour stirring at room 
temperature after addition, the solution was poured into 800 ml water. The 
organic layer was separated and washed once with 5% NaOH aqueous solution 
and twice with water. The organic layer was dried over anhydrous MgS0 4 . 
Removal of solvent gave a solid. The solid was recrystallised twice from 

15 ethylacetate/petroleum ether (60-80°C) mixture solvent producing 6.5 g of white 
crystals. 

The nuclear magnetic resonance (NMR) spectroscopic analysis was as 

follows: 

1 H-NMR(CDCI 3 ) 

20 8: 1.34 (s, 6H), 2.76 (s, 3H), 6.03 (m, 1H), 6.40 (m, 1H), 6.59-6.69 (m, 

2H), 6.87-7.25 (m, 5H), 7.64-7.78 (m, 3H), 8.28 (d, 1H). 
IR: 1738 cm- 1 

Th IR spectrum of the photochromic dye is shown in Figure 1 . 

The solubility of the polymerisable dye in a standard commercial 
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polymeric lens casting composition was improved compared with the base 
compound I.S-dihydro-l.a.S-trimethylspiropH-indoie^.S'-pHJphenanthrfg.lO-e] 
[1 ,4]oxazine]. 




5 The photochrome monomer is colourless, while 1,3-dihydro-1,3,3- 

trimethylspiropH-indole^.S'-tSHlphenanthrtg.lO-eill.^oxazine is coloured even 
in the dark which limits the amount of dye which may be incorporated in a lens. 

EXAMPLE 4 

A heat curable cross-linkable casting composition of the following 
10 formulation was prepared. 

% by weight 



• Acrylate derivative of 1 ,3,3- trimethyl-9'- 

hydroxyspiroindolinenaphthoxadine .05 

• Ethoxylated bis-phenol A dimethacrylate (ATM 20) 49.8 
15 • Urethane acrylate (U4HA) 5 

• Polyethylene glycol dimethacrylate (9G) 44.95 

• TBPEH (Alkyl Perester radical heat initiator) 0.2 



The monomer mix was prepared in a beaker together with the TBPEH 
20 thermal initiator. 

The casting material was used to fill the space between a pair of glass 
moulds separated by a plastic gasket at their periphery and held together by a 
clip. Cure time was 8 hours with heating at a temperature of 40 to 120°C. 

A satisfactory lens was formed. The lens exhibited an improvement in 
25 thermal stability relative to comparable lenses with standard photochromic dyes of 
approximately 30% as discussed below. 

EXAMPLE 5 

Example 4 was repeated, but substituting 0.1% of a Lucirin TPO 
photoinitiator for the TBPEH thermal initiator. 
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The mould enclosing the casting material was passed four times under a 
UV lamp. Cure time was four hours. A satisfactory lens was again form d. The 
lens exhibited an improvement in th rmal stability relative to comparable lenses 
with standard photochromic dyes of approximately 30% as discussed below. 
5 EXAMPLE 6 

Example 4 was repeated with an increased level of photochromic dye 
monomer of 0.2%. A similar satisfactory lens, but with a deeper colour on 
activation, was produced. This illustrates the increased solubility of the 
photochromic dye monomer in the monomer mix. 
10 EXAMPLE 7 

Example 1 was repeated with a UV curable coating composition of the 
following formulation. 

% bv weight 

• Commercial UV-curable hard coating composition 

1 5 supplied by Toyobo) 98 

• Acrylate derivative of 1 ,3,3- trimethyl-9- 

hydroxyspiroindolinenaphthoxadine 2 



A Spectralite-type lens was dip coated in the formulation, heat dried and 
UV cured to give a photochromic film of good durability. The improved solubility 
of the acrylate derivative permits incorporation of increased amounts of 
photochromic dye via the route. 

COMPARATIVE EXAMPLE 1 

Example 4 was repeated substituting dye I and dye II below for the 
photochromic dye monomer according to the present invention. 
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Thermal stability of all three lenses was calculated by measuring 
transmittance before and after exposure of the lenses to illumination to activate 
the photochromic effect. 
5 The measurements were undertaken at 23°C and 35°C in each case. 

The results are shown in Figures 2 to 13. Xenon Intensity in each case was 50 
kix. Each graph shows a darkening phase followed by a fade back phase. 
The results are summarised in Table 1 below. 

TABLE 1 

1 0 0.05% photochromic dye in the lens 





Lens Bearing 


Lens Bearing 


Lens Bearing 




Dye I 


Dye II 


Photochromic 








Monomer 


Max change in transmittance 23°C 


29.9% 


29.2% 


28.2% 


Max change in transmittance 35°C 


12.0% 


10.8% 


16.1% 


difference between two 


17.9% 


18.4% 


12.1% 



temperatures 



0.2% photochromic dye in the lens 





Lens Bearing 


Lens Bearing 


Lens Bearing 




Dye I 


Photochromic 


Photochromic 






Monomer 


Monomer 






(Heat Cured) 


(UV Cured) 


Max change in transmittance 23°C 


35% 


30.4% 


31.9% 


Max change in transmittance 35°C 


16% 


17.8% 


17.1% 


difference between two 


19% 


12.6% 


14.8% 


temperatures 
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Tabl 1 illustrates the increased thermal stability of th lens utilising the 
photochromic monomer according to the present invention. 

EXAMPLE 8 

Synthesis of Methacrvlate Derivative of I^.S-trimethvl-g'-^-hvdroxvethvloxv)- 



5 spiroindoline naphthoxadine 
Me 




OCH 2 CH 2 OH 



Dye III 




O CH 3 
OCH 2 CH 2 — 0-C-CH=CH 2 



Photochromic 
Monomer IV 

8.54 g (22 mmol) of III and 3.04 g (30 mmol) triethylamine were dissolved 
into 800 ml dichloromethane (previously dried over anhydrous MgS0 4 ). 3.45 g 
(30 mmol) of methacryloyl chloride in 20 ml dried dichloromethane was added in 
dropwise at 0°C. After addition the solution was stirred at room temperature for 1 
hour, then poured into 800 ml water. The organic layer was separated and 
washed once with 5% NaOH aqueous solution, once with 5% HCI aqueous 
solution and twice with water. After drying with anhydrous MgS0 4 , the solvent 
was removed to give a solid. The solid was twice recrystallised from petroleum 
ether (60°C to 80°C) to produce 5.0 g of crystalline solid. 

The NMR spectroscopic analysis was as follows: 

1 H-NMR (CDCI 3 ) 

8: 1.34 (s, 6H), 1.95 (s t 3H), 2.76 (s, 3H), 3.85 (t, 2H), 4.28 (t, 2H), 5.60 
(s, 1H), 6.15 (s f 1H), 6.40-8.30 ( 10H). 
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IR: 1738 cm 



-1 



EXAMPLE 9 



Example 4 was repeated substituting the methacrylate derivative of 1,3,3- 
trimethyl-9 , -(2-hydroxyethyloxy)-spiroindolinenaphthoxadine prepared in Example 
5 7 in place of the acrylate derivative of 1 f 3,3-frimethyI-9- 
hydroxyspiroindolinenaphthoxadine. 

A satisfactory lens was formed. The lens exhibited an improvement in 
thermal stability relative to comparable lenses with standard photochromic dyes of 
approximately 20% as discussed below. 
10 COMPARATIVE EXAMPLE 2 

Example 9 was repeated substituting dye III for the photochromic 
monomer IV. 

Thermal stability was analysed as described in comparative Example 1 
above. The lens of Example 8 exhibited a significantly better thermostability than 
15 the lens produced with dye III. 

The solubility of monomer IV in the above lens formulation and the 
commercial hard coating resin supplied by Toyobo is much better than that of 
1,3,3-trimethyl-9-hydroxy-spiroindolinenaphthoxadine. 

EXAMPLE 10 

20 Synthesis of Acrvlate Derivative of I.S.S-trimethvl-S-Diperidino-g-hvdroxvspiro- 
indolinenaphthoxadine 




DyeV 
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O 
II 

0-C-CH=CH 2 



Photochromic 
Monomer VI 

9.42 g (22 mmol) of I.S.S-trimethyl-e'-piperidino-S'-hydroxyspiro- 
indolinenaphthoxadine and 3.04 g (30 mmol) triethylamine were dissolved into 
5 800 ml dichloromethane (dried over anhydrous MgS0 4 ). 2.72 g (30 mmol) 
acryloyl chloride in 20 ml dried dichloromethane was added in dropwise at 0°C. 
After one hour stirring at room temperature, the solution was poured into 800 ml 
water. The organic layer was separated and washed once with 5% NaOH 
aqueous solution, once with 5% HCI aqueous solution and twice with water. 
10 Removal of solvent gave a solid. The solid was recrystallised twice from 
petroleum ether (60°C to 80°C) gave 4.0 g of crystalline solid. 

The NMR spectroscopic analysis was as follows: 

'H-NMR (CDCI 3 ) 1.34 (s, 6H), 1.50 (m, 6H), 2.76 (s, 3H), 2.90 (t, 4H), 
6.04 (m, 1H), 6.40 (m, 1H), 6.58-6.68 (m, 2H), 6.80-8.30 (8H) 
15 IR: 1738 cm' 1 

EXAMPLE 1 1 

Example 4 was repeated substituting the acrylate derivative of 1,3,3- 
trimethyl-9'- hydroxyspiroindolinenaphthoxadine prepared in Example 3 with the 
acrylate derivative of I.S.S-trimethyl-e'-piperidino-g'-hydroxyspiroindoline- 
20 naphthoxadine prepared in Example 10. 

A satisfactory lens was formed. The lens exhibited an improvement in 
thermal stability relative to comparable lenses with standard photochromic dyes of 
approximately 30% as discussed below. 

COMPARATIVE EXAMPLE 3 
25 Example 11 was repeated substituting dye V for the photochromic 
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monomer VI. 

Thermal stability was analysed as described in comparative Example 1 
above. The lens of Example 10 exhibited a significantly better thermostability 
than the lens produced with dye V. 
5 The solubility of monomer VI, in the above lens formulation and in the 

commercial hard coating resin supplied by Toyobo, is also much better than that 
of dye V. 

Finally, it is to be understood that various other modifications and/or 
alterations may be made without departing from the spirit of the present invention 
10 as outlined herein. 
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Claims 

1 . A photochrome monomer having a formula 

(1) 

wherein 

5 n is an integer of 0 to 5; 

P is a photochrome dye moiety or derivative thereof; 
S is an organic spacer group; and 
R is a polymerisable group. 

2. A photochromic monomer according to Claim 1 wherein the photochrome 
10 dye moiety or derivative is derived from photochromic dyes selected from one or 

more of the group consisting of anthraquinones, phthalocyanines, spiro-oxazines, 
chromenes, pyrans including spiro-pyrans and fulgides. 

3. A photochromic monomer according to Claim 2 wherein P is derived from 
a photochromic dye selected from the group consisting of 

1 5 • 1 ,3-dihydrospiro[2H-anthra[2,3-d]imidazole-2, 1 '-cyclohexane]-5, 1 0-dione 
1 ,3-dihydrospiro[2H-anthra[2,3-d]imidazole-2, 1 '-cyclohexane]-6, 1 1 -dione 
1,3-dihydro-4-(phenylthio)spiro[2H-anthra'1,2-d]imidazole-2,1'-cyclohexane]- 
6,11 -dione 

1 ,3-dihydrospiro[2-H-anthra[1 ,2-d]imidazole-2, 1 '-cycloheptane]-6, 1 1 -dione 
20 • 1 .S.S-trimethylspiro'indole^.S'-PHlnaphthop, 1-b]-1 ,4-oxazine] 
1,3,3-trimethyl-9'-hydroxyspiroindolinenaphthoxadine 
1,3,3-trimethyl-9 , -(2-hydroxyethyloxy)-spiroindolinenaphthoxadine 
I.S.S-trimethyl-e'-piperidino-g'-hydroxy-spiroindolinenaphthoxadine 
2-methyl-3,3'-spirobi[3H-naphthp[2,1-b]pyran] (2-Me) 
25 • 2-phenyl-3-methyl-7-methoxy-8'-nitrospiro[4H-1 -benzopyran-4,3'-[3H]- 
naphthoJ2,1-b]pyran 
Spiro[2H-1-benzopyran-2,9'-xanthene] 

8-methoxy-1 , ,3'-dimethylspiro(2H-1-benzopyran-2,2 , -(1'H)-quinoline 
2,2*-Spirobi[2H-1 -benzopyran] 
30 • 5'-amino-1 '.y.S'-trimethylspiropH-l-benzopyran^^'-indoline 

Ethyl-p-methyl-p-(3',3 , -dimethyl-6-nrtrospiro(2H-1-benzopyran-2,2'-indolin-1'- 
yl)-propenoate 
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• (1 1 3-propanediyl)bis[3\3 , -dimethyl-6-nitrospiro[2H-1-benzopyran-2,2- 
indoline] 

• S^'-dimethyl-S-nitrospiropH-l-benzopyra^^-benzoxazoline] 

• 6'-methylthich3,3'-dimethyl^ 
5 benzothiozoline] 

• (1 ,2-ethanediyl)bis[8-methoxy-3-methyl-6-nitrospiro[2H-1 -benzopyran-2,2- 
benzothiozoline] 

• N-N , -bis(3,3 , -dimethyl-6-nitrospiro[2H-1-benzopyran-2 f 2X3 , H)-benzoth 
6-yl)decanediamide 

10 • -a-(2 t 5-dimethyl-3-furyl)ethylidene(Z)-ethylidenesuccinic anhydride; a-(2,5- 
dimethyl-S-furyO-a'^dimethylfulgide 

• Z^-diphenyW-^-chlorophenylJimidazole 

• ^'^'-dinitrophenyOmethyll-IH-benzimidazole 

• N-N-diethyl-2-phenyl-2H-phenanthro[9, 1 0-d]imidazol-2-amine 

15 • 2-Nitro-3-aminofIuoren 2-amino-4-(2 , -furanyl)-6H-1 ,3-thiazine-6-thione 

4. A photochromic monomer according to Claim 1 wherein the polymerisable 
group is selected from the group consisting of olefins, allyls, polythiols, vinyls, 
acrylics and polyisocyanates. 

5. A photochromic monomer according to Claim 1, wherein the organic 
20 spacer group S is selected from the group consisting of 

alkyl of 1 to 25 carbon atoms; 
alkoxy of 1 to 25 carbon atoms; and 
ary! or heterocyclic groups of 5 to 10 carbon atoms; 
with or without substituents selected from halogen, hydroxy, amine, acyl or 
25 carbonyl groups. 

6. A photochromic monomer having the formula 




wherein 



n is an integer of 0 to 5; 
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m is an integer of 1 to 10; 

P is a photochrome dye derivative of a photochrome dye set cted from 
one or more of the group consisting of anthraquinones, phthalocyanines, spiro- 
oxazines, chromenes, pyrans including spiro-pyrans and fulgides; 
5 R 1 and R 2 t which may be the same or different, are selected from 

hydrogen, halogen and an alkyl or substituted alkyl of 1 to 10 carbon atoms, or 



R 3 is selected from hydrogen, halogen, alkyl or substituted alkyl of 1 to 10 
carbon atoms or alkoxy, or substituted alkoxy of 1 to 10 carbon atoms. 

7. A photochromic monomer according to Claim 6, wherein R 1 , R 2 and R 3 
are selected from the group consisting of hydrogen and alkyl of 1 to 5 carbon 
atoms. 

8. A photochromic monomer according to Claim 6, selected from the group 
consisting of an ethoxy methacrylate derivative of 1,3-dihydrospiro[2H-anthra[2,3- 
dJimidazole^J-cyclohexanel-SJO-dione, an acrylate derivative of 1,3,3- 
trimethyl-9-hydroxyspiroindolinenaphthoxadine, a methacrylate derivative of 
I^.S-trimethyl-S'^-hydroxyethyloxyJ-spiroindolinenaphthoxadine and an acrylate 
derivative of 1 ^^-trimethyl-e-piperidino-Q-hydroxyspiroindolinenaphthoxadine. 

9. A photochromic monomer having the formula 



n and p are each integers of 0 to 5; 
P is a photochromic dye moiety or derivative thereof; 
S and S\ which may be the same or different, are each an organic 
spacer group; 

R and R\ which may be the same or different, are each a polymerisable 

group. 

10. A photochromic monomer according to Claim 9, wherein the 
photochromic dye moiety P is deriv d from a photochromic dye selected from one 
or more of the group consisting of anthraquinones, phthalocyanines, spiro- 




m is an aryl or heterocyclic group of 5 to 1 0 carbon atoms; and 




(2) 



wherein 
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oxazines, chrom nes, pyrans including spiro-pyrans and fulgides. 
11. A photochromic monomer according to Claim 10, wherein the 
polymerisable groups R and R' are selected from olefins, allyls, polythiols, vinyls, 
acrylics and polyisocyanates. 
5 12. A photochromic monomer according to Claim 11, wherein the organic 
spacer groups S and S' are each selected from the group consisting of 

alkyl of 1 to 25 carbon atoms, preferably 1 to 6 carbon atoms; 

alkoxy of 1 to 25 carbon atoms, preferably 1 to 6 carbon atoms; and 

aryl or heterocyclic groups of 5 to 10 carbon atoms; 
10 with or without substituents selected from halogen, hydroxy, amine, acyl or 
carbonyl groups. 

13. A cross-linkable polymeric casting composition including 
a photochromic monomer of the formula 

(1)or 

R'-fs'W-fsA-R 

15 w p w n (2) 

wherein 

n and p are each integers of 0 to 5; 
P is a photochromic dye moiety or derivative thereof; 
S and S\ which may be the same or different, are each 
20 an organic spacer group; 

R and R\ which may be the same or different, are each a 
polymerisable group; 
a diacrylate or dimethacrylate monomer; and 
a polymerisable comonomer. 
25 14. A photochromic monomer according to Claim 13, wherein the 
photochromic dye moiety P is derived from a photochromic dye selected from one 
or more of the group consisting of anthraquinones, phthalocyanines, spiro- 
oxazines, chromenes, pyrans including spiro-pyrans and fulgides. 
15 A photochromic monomer according to Claim 14, wherein the 
30 polymerisable group R and, when present, R' are selected from olefins, allyls, 
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polythiols, vinyls, acrylics and polyisocyanates. 

16. A photochromic monomer according to Claim 15, wherein the organic 
spacer groups S and, when present, S' are each s lected from the group 
consisting of 

5 alkyl of 1 to 25 carbon atoms, preferably 1 to 6 carbon atoms; 

alkoxy of 1 to 25 carbon atoms, preferably 1 to 6 carbon atoms; and 

aryi or heterocyclic groups of 5 to 10 carbon atoms; 
with or without substituents selected from halogen, hydroxy, amine, acyl or 
carbonyl groups. 

10 17. A cross-linkable polymeric casting composition according to Claim 13, 
wherein the photochromic monomer is present in amounts of from approximately 
0.001 to 55% by weight, based on the total weight of the casting composition. 

18. A cross-linkable polymeric casting composition according to Claim 13, 
wherein the diacrylate or dimethacrylate monomer is a polyoxyalkyleneglycol 

1 5 diacrylate or dimethacrylate. 

19. A cross-linkable polymeric casting composition according to Claim 18, 
wherein the diacrylate or dimethacrylate component is present in amounts of from 
approximately 5 to 60% by weight, based on the total weight of the casting 
composition. 

20 20. A cross-linkable polymeric casting composition according to Claim 13, 
wherein the polymerisable comonomer is selected from one or more of the group 
consisting of methacrylates, acrylates, vinyls, vinyl ethers, allyls, aromatic olefins, 
ethers, polythiols and epoxies. 
.21. A cross-linkable polymeric casting composition according to Claim 20, 

25 wherein the polymerisable comonomer includes approximately 10 to 60% by 
weight, based on the total weight of the casting composition, of a high index 
bis-phenol monomer. 

22. A cross-linkable polymeric casting composition according to Claim 20, 
wherein the polymerisable comonomer includes approximately 2.5% to 
30 approximately 35% by weight, based on the total weight of the casting 
composition of a urethane monomer having 2 to 6 terminal acrylic and/or 
methacrylic groups. 
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23. A photochromic coating composition including 
a photochromic monomer of the formula 

(Dor 



P " (2) 

5 wherein 

n and p are each integers of 0 to 5; 
P is a photochromic dye moiety or derivative thereof; 
S and S\ which may be the same or different, are each an 
organic spacer group; 

10 R and R', which may be the same or different, are a 

polymerisable group; 
a polymerisable co-monomer; and 
a solvent therefor. 

24. A photochromic coating composition according to Claim 23, wherein the 
1 5 photochromic monomer is a monomer of the formula 

p+o^c-V4-o-c-c=ch 2 

wherein 

P is a photochromic dye derivative of a photochromic dye selected from 
one or more of the group consisting of anthraquinones, phthalocyanines, spiro- 
20 oxazines, chromenes, pyrans including spiro-pyrans and fulgides; 
n is an integer of 0 to 5; 
m is an integer of 1 to 10; 

R 1 and R 2 , which may be the same or different, are selected from 
hydrogen, halogen and an alky I or substituted alkyl of 1 to 10 carbon atoms, or 

— £cwrA — 

25 ^ 'Mi is an aryl or heterocyclic group of 5 to 10 carbon atoms; and 

R 3 is selected from hydrogen, halogen, alkyl or substituted alkyl of 1 to 10 
carbon atoms or alkoxy, or substituted alkoxy or 1 to 10 carbon atoms; 
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the photochromic monomer b ing present in amounts of from approximately 0.5 
to 25% by weight, based on the total weight of the coating composition, excluding 
solvent. 

25. A photochromic coating composition according to Claim 23, wherein the 
5 polymerisable comonomer is a UV curable low shrinkage monomer present in 

amounts of from approximately 65 to 95% by weight, based on the total weight of 
the coating composition, excluding solvent. 

26. A coating optical article including 
an optical substrate; and 

10 a polymeric coating adhered to a portion of the optical substrate, the 

polymeric coating being formed from a photochromic coating composition 
including 

a photochromic monomer of the formula 

(Dor 

R'-fs'W-fsA-R 
15 V ^ V Jn (2) 

wherein 

n and p are each integers of 0 to 5; 

P is a photochromic dye moiety or derivative thereof; 

S and S\ which may be the same or different, are each an 
20 organic spacer group; 

R and R\ which may be the same or different, are a 
polymerisable group; 
a polymerisable co-monomer; and 
a solvent therefor. 

25 27. A photochromic optical article formed from a cross linkable casting 
composition including 

a photochromic monomer of the formula 

V J (Dor 

R'-fs'W-fsA-R 

Wp Wn (2) 
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wherein 

n and p are each integers of 0 to 5; 

P is a photochrome dye moiety or derivative thereof; 

S and S\ which may be the same or different, are each an 
organic spacer group; 

R and R\ which may be the same or different, are each a 
polymerisable group; 

a diacrylate or dimethacrylate monomer; and 
a polymerisable comonomer. 
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